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INTRODUCTION

To determine nutrient levels in Back Bay, water samples were

collected monthly from April, 1986 through March, 1987. Surface

water samples were collected at six stations (Figure 1) and sent

to the Virginia Consolidated Laboratory for analyses. Parameters

monitored by the State Lab were suspended solids (total, volatile

and fixed), ammonia, nitrite, nitrate, total Kjeldalh nitrogen

and phosphorus (total and ortho). Other parameters which were

monitored in the field at the time of the collection were

salinity, conductivity, water temperature, Secchi disc

transparency, pH and turbidity. These results were reported by

Norman and Southwick (1987).

Overall, the nutrient levels in Back Bay were not

excessively high. Only suspended solids and total Kjeldalh

nitrogen surpassed or violated the EPA reference levels. Levels

for the basic nutrients (nitrate and phosphate) were well below

the EPA reference levels. Furthermore, the 1986 Virginia Water

Quality Assessment (S.W.C.B., 1986) reported the water quality in

Back Bay to be "good". Nutrient levels in Back Bay have changed

little since the early 1970's. Water samples collected by the

State Water Control Board from 1972 to 1975 showed that Total

Kjeldalh nitrogen and pH were the only parameters which violated

the EPA reference levels. However, levels for suspended solids

were not determined during that survey.
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Total suspended solids include 1) "Fixed" matter which is

inorganic colloidal clay and coarse suspensions of soil

particles, and 2>"Vo1 atile" matter which is made up of living and

dead organic matter.

Total suspended solids in Back Bay were very high during the

study period. The mean 1evel/station ranged from 57.3 mg/1 (Sta.

22) to 94.8 mg/1 (Sta. 5 and 20). Suspended solids were highest

from January through March when the level routinely exceeded 10O

mg/1 and frequently exceeded 2OO mg/1 (Figures 9-14). Values as

high as 294 mg/1 were detected (March, Sta. 20). The high level

of suspended solids during the Winter months was due to strong

wind induced wave action which kept the sediment in suspension.

The EPA reference level for suspended solids is SO mg/1

(Table 7). By comparison, the mean level of suspended

solids/station in Back Bay exceeded the EPA reference level at

two stations (# 5 and 2O) (Figure 2). Individual station

readings for suspended solids were generally below the EPA

reference level from April through December. However, during the

January—March period the individual- readings for suspended solids

exceeded the EPA reference level considerably - sometimes by a

factor of three.



The cause for this high level of suspended solids

(turbidity) in Back Bay is two fold; 1) an abundance of inorganic

material in suspension and 2) an abundant phytoplankton

population (unpublished report, H.G. Marshall, 1987). Both of

these factors keep water clarity poor year around. Average

Secchi disc transparencies ranged from less than 5 inches to a

maximum of only 1*+ inches during the same period.

Volatile suspended solids ranged from a mean of 25.8 mg/1

(Sta. 22) to 3̂ .6 mg/1 (Sta. 20). The value for volatile

suspended solids was highest in February at each station except

#22 (Figures 15-20).

Fixed suspended solids ranged from a mean of 31.5 mg/1 (Sta.

22) to 60.3 mg/1 at (Sta. 20). Monthly values were consistently

higher during March (Figures 21-26).

Nitrate as Nitrogen

Nitrite does not appear to be a problem in Back Bay. Mean

nitrite level for each station ranged from 0.01 to 0.03 mg/1.

Many of the individual station readings were below the minimum

detectable level (0.01 mg/1) and are indicated with a "K" in

Tables 1-6. The EPA reference level for nitrite in natural

waters in 0.9 mg/1. Therefore, the nitrite levels in Back Bay

are well below the EPA standards (Figure 3). Nitrite levels of

natural waters are generally very low (Wetzel, 1983). Generally



nitrite levels in Back Bay were lowest during the Spring and

highest during the Winter (Figures 27-32).

Nitrate as Nitrogen

Nitrate occurs in relatively small concentrations in

unpolluted waters (Reid, 1961). This nutrient is rapidly taken

up by plants (including phytoplankton). There is concern by some

that excessive nitrate from agricultural sources around Back Bay

is posing a problem in the bay. However, the data from this

survey indicate differently. Nitrate levels in Back Bay were

well below the EPA reference level of 0.9 mg/1 (Figure ̂ ).

Average nitrate readings/station ranged from 0.18 mg/1 (Sta. 5)

to 0.2^+ mg/1 (Sta. 20). Apparently the marsh vegetation and

phytoplankton in Back Bay utilize much of the nitrates entering

the system. This would account for the decrease in nitrate

levels from May through December, e.g. a period of increase

phytoplankton activity. Nitrates were very low (<0.05 mg/1) at

each station from May through January but increased appreciably

in February and March (Figures 33-38). This increase was

probably due to increased run-off from agricultural fields with

heavy rainfall during those months.

iQtal Kjel.da.lh Nitrogen HKN1

This form of nitrogen is present in soluable organic

compounds and as a constituent of living and dead particulate

organic matter. According to Boyd (1979), concentrations of



organic nitrogen are usually well below 1.0 mg/1 in unpolluted

natural waters. The EPA reference level for TKN is 0.9 mg/1

(Table 7). Average TKN/station in Back Bay ranged from 2.3 to

2.8 mg/1 with three of the six stations having the same high

value. Levels of TKN in Back Bay violated the reference level in

all of the samples (Figure 5). This is a substantial increase

from the results of the 1972-75 SWCB study when TKN levels

exceeded the EPA reference level in only 11. V/. of the samples.

These high values in Back Bay are indicative of the high level of

biological productivity from the marsh vegetation and the

abundant phytop lank ton in the bay. As a general rule, TKN was

relatively low in April; then increased progressively through the

Summer to peak in August or September; then declined through

January; and then increase again through March (Figures 39-^4-).

Ammonj_a as Nitrogen

Ammonia is an end product of the bacterial decomposition of

organic matter and an excretory product of aquatic animals. At

high levels, ammonia can be detrimental to aquatic life. The EPA

reference level for ammonia is 0.89 mg/1 (Table 7). The mean

ammonia 1evel/station in Back Bay ranged from O.3E mg/1 (Sta. 1^)

to 0.^1 mg/1 (Sta. 3) and was, therefore, well below the EPA

reference level (Figure 6). Ammonia was generally low April

through November, then increased progressively each month to peak

in January—February, and then "crashed" to low values again by



March (Figures ^5-50). High concentrations of ammonia occur

following phytoplankton die-offs (Boyd, et al . , 1975). This

could be an explanation for the increase in ammonia in Back Bay

from December through February.

Phosphorus is a key metabolic nutrient, and the supply of

this element often regulates the productivity of natural waters.

Concentrations of total phosphorus seldom exceed 1.0 mg/1 (Boyd,

1979). The EPA reference level for total phosphorus is 0.3 mg/1

(Table 7). The average level /stat ion for total phosphorus in

Back Bay ranged from 0.1S mg/1 (Sta. 22) to 0.15 mg/1 (Sta. 5 and

20) (Figure 7). At most stations, total phosphorus showed two

distinct peaks in a seasonal cycle (Figures 51-56). One peak was

in March-April; the other was in August.

Ortho phosphorus is the soluble and simplest form of

phosphorus found in natural waters, making it readily available

to plants. Concentrations of ortho phosphate are quite low and

usually no greater than 0.0005 to 0.02 mg/1 and seldom exceed O.I

mg/1 even in highly eutrophic waters (Boyd, 1979). The EPA

reference level for ortho phosphate is 0.1 mg/1 (Table 7).

Average values/station for ortho phosphorus in Back Bay ranged

from O.O4 to O.06 mg/1 (Figure 8). Although mean phosphorus

levels in Back Bay did not surpass the EPA reference level, some

sample values approached or equalled the reference level. At

most stations, ortho phosphorus was highest July through

September (Figures 57—62).
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Table 1. Nutrient levels (mg/1) determined from water samples collected at Station 3, Back Bay from April, 1986 to
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Table 2. Nutrient levels (mg/1) determined from water samples collected at Station 5, Back Bay from April, 1986
to March, 1987.
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Table 3. Nutrient levels (mg/1) determined from water samples collected at Station 9, Back Bay from April, 1986
to March, 1987.
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958 3598

'76 369£

901 3945

830 396̂

''SS 3906

824 35̂ 2

561 2394

418 2357

744.7 336̂ .9

SUS.SQLiDS
TC'T.(irg/l;

5t

41

66

38

A P

36

53

68

4-

62

133

240

75. E

SUS. SOLIDS
VOL. (fig/1;

20

16

T":
CC

2S

42

32

35

44

24

30

33

56

31.6

SuS. SOLIDS AMMONIA
FIL !ffg/ r inq/l as M

3i O.i

25 ,iO<

4-'- O.i

10 0,1

20 0.2

6 0,1

:8 ).l

?4 0.;

20 0.2

32 0.7

100 1

192 0.7

43.5 0.32

NITRITE
irg-i as Hi

0.0!

.OIK

0.0!

0.01

0.0;

i. AJ

0.02

0.02

0.01

0.03

0.33

O.C3

0.02

NITRATE
!»g/l as N;

0,13

,05f;

0.05

.m

.05K

.05K

.PFik'

.05'.:

,05K

0.07

0,47

0.25

0.2

TO'. K. NIT.
fug/1 /

1.1

1.8

2.1

£.9

3.3

3.4

3.7

2.8

3.7

2.4

3.5

3.5

2.3

TOT.PHGS. ORTHC.PHDS.
i»C;;i as PJ (nig /I as P!

0.1 0.06

0.1 0.03

O.i O.OB

O.i 0

0.2 0.03

O.i 0.1

O.i 0

O.i 0

0.1 0.08

0.1 0

0.2 0

0.2 0

0.13 O.Ob

TOT. ORE. C
!»g/l»

15

17

22

£1

21

2£

2t

24

21

17

16

25

20.4

Table 4. Nutrient levels (mg/1) determined from water samples collected at Station 14, Back Bay from April, 1986
to March, 1987.



APRR96

HAY

JUNE

JULV

AU6

SEPT

OCT

NQV

DEC

JftNS7

FEB

HAR

MEANS

TOT. SOLIDS
TDT.Iig/1)

?957

345!

420?

4469

458:

4800

.554

C.'iCI
Jv'.Jt

47j£

^525

E?33

E738

4131.4

TOT. SOLIDS
yGL,f*g/i!

430

487

366

303

950

967

935

965

"78

"Bl

55'

414

74.8.1

TOT. SOL IDS
FlUfg/i!

S4"

£964

3341

3666

3635

3633

3919

4.086

4180

3744

8381

2374

3383.3

3US. SOLIDS
TOT. la g / i f

33

3E

58

4(

56

35

5E

156

50

100

£29

294

94. ,3

SUS. SOLIDS
VOL, iffiq/n

11

16

E8

ES

,3

34

3,

5E

26

38

5E

54

34.6

SUS. SOLIDS AMQN'IA NITPITI
Fit.isg/1-' !»g;! as Ni !«q/l as N'

£E .10K .OIK

16 ,:OK ,01?:

30 ,10k 0.01

IE O.i 0.01

14 r...g 0.01

4 j,[ C , OE

18 0.1 O.OE

1'"'4 ••'''. ; <^.03

24 0,2 O.Oi

i£ 0.7 0.03

177 0,3 O.OE

E40 0.7 0.04

60.3 0.33 O.OE

NITRATE TOT, K. NIT.
•UQ/1 as fif i5q;l)

0.13 0.9

.05t 1.6

. OSK E

.05K E. 9

,03K 3,3

.05?" 3.4

.05K 3.3

.m 3.1

..-. 2.-

0.05 E.5

0.45 3.9

C.3E 3.6

0,24 2.7

TOT.PHOS.
(iig.'i as P)

5.1

0.1

0.1

C.I

0.2

0.1

0.1

O.E

O.i

O.E

i' » 0

O.E

0.15

ORTHG.PHOS.
(ag/1 as P)

0.04

0.03

0.03

0

0.08

0.1

f;

V

0.07

0

0

0

0.04

TOT. ORB. C.
(sg/1)

13

16

13

21

E4

£5

£3

E9

El

18

19

23

E0.8

Total 5. Nutrient levels (mg/1) determined from water samples collected at Station 20, Back Bay from April, 1986
to March, 1987.



APRILS 5

W

JUNE

JOLY

AUB

SEPT

OCT

NOv1

DEC

JAN87

FEE

WAR

MEANS

TOT, SOL IDS
7[T.(j!g/l!

3503

3529

WO

4534

480S

473S

5157

3343

5109

4̂ 76

£333

2579

425=, 3

TOT, SOLIDS
VOL.!aq/ii

534

492

364

303

996

92?

56-

834

7*7

573

493

379

740.7

TOT.SGLI33
Flung/!}

E'19

3037

3326

3733

3B12

3309

^
44?*

4362

3S9S

23M

220)

3518.6

3US. SOLIDS
TOT.isg/ 1)

34

u'

66

QC-j j

51

32

-:j
r =

31

S3

134

92

37.3

3U3.50LID3
i'0 . ! * 3 • i 'i

\B

:7

£2

25

42

3C

£H

f6

:?

30

;n

20

•ic r.
C J . C

3yS;SCLlDS AMHOMA NITRI'E
' I *. '' ng / i / (ag/1 a; K i :*g/. as Kl-

16 .1CK 0.01

24 ,;OK .OH

44 ,10K .01̂ '

10 0.1 O.Oi

9 0,2 O.Oi

£ 0.1 0,02

10 .10K 0,0!

£6 ,10' 0.01

i£ 0,4 0.0:

52 0.6 0.02

101 0.3 0.02

72 0.1 0.02

31.5 0.33 0.01

NITRATE
lit.;-! a; Ni

.05K

,05K

• 05<

,05K

.m

.m

.05"

,05K

/5K

C.Ofc

0.27

:' , u

0.21

TOT. K. NIT,
(ig/ll

t « -J

1.5

1.9

2,9

3.2

E.B

2,4

I.3

2.,

£.3

2.6

1.8

2.3

TOT.'HCS. Qrtho.Fhos.
(ic/l as Pi i'iq/1 as F!

0.2 0

I,'- it -i. 1 V V

0.1 0

.lOK

0.2 0

0.1 0

O.i 0

,SOK 0

''• . ! 0

0,1

0.! 0

0,1

c.je o

,04

.03

.02

0

,08

.09

.06

.-

.03

0

.04

0

.05

TOT. ORGAN 1C

15

16

£0

El

25

24

19

19

' -t

17

14

18

13.9

Table 6. Nutrient levels (mg/1) determined from water samples collected at Station 22, Back Bay from April, 1986
to March, 1987.



PARAMETER

Orthophosphate (as P)

Total Phosphorus

Ammonia (as N)

Nitrite (as N)

Nitrate (as N)

Total Kjeldalh Nitrogen

REFERENCE LEVEL AND SOURCE

0.1 mg/1 -Nutrient*

0.3 mg/1 -Nutrient*

0.89 mg/1 -Aquatic Life **

0.9 mg/1 -Nutrient***

0.9 mg/1 -Nutrient***

0.9 mg/1 -Nutrient***

* Guidelines for Developing or Revising Water Quality Standards, EPA Water
Planning Division, April 1973

** Criteria for Water Quality, EPA, 1973 (Section 304(a)(l) Guielines)
***Biological Associated Problems in Freshwater Environments, FWPCA, 1966, pp 132-3

Source: Virginia State Water Control Board

Table 7. Reference levels and source for selected water quality parameters.
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Figure 1. Map of Back Bay, Virginia showing the location of stations for nutrient analysis,
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Figure 2. Comparison of Total Suspended "Solids (mg/1) in Back Bay (as mean of
each station for period April, 1986 to March, 1987) with EPA "Reference
Level".
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Figure 3. Comparison of Total Nitrite level (mg/1) in Back Bay (as mean of each
station for period April, 1986 to March, 1987) with EPA "Reference level.
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Figure 4. Comparison of Total Nitrate (mg/1) in Back Bay (as mean of each station
for period April, 1986 to March, 1987) with EPA "Reference Level".
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Figure 5. Comparison of Total Kjeldalh Nitrogen (mg/1) in Back Bay (as mean of
each station for period April, 1986 to March, 1987) with EPA "Reference
Level".
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Figure 7. Comparison of Total Phosphorus (mg/1) in Back Bay (as mean of each
station for period April, 1986 to March, 1987) with EPA "Reference
Level".
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Figure 8. Comparison of Total Ortho Phosphorus (mg/1) in Back Bay (as mean of each
station for period April, 1986 to March, 1987) with EPA "Reference Level",
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Figure 9. Monthly level of Total Suspended Solids (mg/1)
at Station 3, Back Bay from April, 1986 to March, 1987.
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Figure 11. Monthly level of Total Suspended Solids (mg/l) at Station 9,' Back Bay from April, 1986 to March, 1987.
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Figure 12. Monthly level of Total Suspended Solids (mg/1) at Station 14, Back Bay from April, 1986 to March, 1987.
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Figure 13. Monthly level of Total Suspended Solids (mg/1) at Station 20, Back Bay from April, 1986 to March, 1987.
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Figure 14. Monthly level of Total Suspended Solids (mg/1) at Station 22, Back Bay from April, 1986 to March, 1987.
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Figure 15. Monthly level of Volatile Suspended Solids (mg/1) at Station 3, Back Bay from April, 1986 to March, 1987.
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Figure 16. Monthly level of Volatile Suspended Solids (rag/1) at Station 5, Back Bay from April, 1986 to March, 1987,
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Figure 17. Monthly level of Volatile Suspended Solids (mg/1) at Station 9, Back Bay from April, 1986 to March, 1987,



00
C

00 00535 RESIDUE VOL NFLT MG/L

00



IMF

X
o

tu
3
Q

Ul
1C

V>
n
10
o
o

STARTING DATE 86/4 /28
SAMPLE DATE

Figur^ 19. Monthly level of Volatile Suspended Solids (mg/1) at Station 20, Back Bay from April, 1986 to March, 1987.
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Figure 20. Monthly level of Volatile Suspended Solids (mg/1) at Station 22, Back Bay from April, 1986 to March, 1987.
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Figure 22. Monthly level of Fixed Suspended Solids (mg/1) at Station 5, Back Bay from April, 1986 to March, 1987.
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Figure 23. Monthly level of Fixed Suspended Solids (mg/1) at Station 9, Back Bay from April, 1986 to March, 1987.
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Figure 24. Monthly level of Fixed Suspended Solids (mg/1) at Station 14, Back Bay from April, 1986 to March, 1987.
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Figure 25. Monthly level of Fixed Suspended Solids (mg/1) at Station 20, Back Bay from April, 1986 to March, 1987,
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Figure 26. Monthly level of Fixed Suspended Solids (mg/1) at Station 22, Back Bay from April, 1986 to March, 1987.
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Figure 28. Monthly level of Nitrite as Nitrogen (mg/1) at Station 5, Back Bay from April, 1986 to March, 1987.
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Figure 29. Monthly level of Nitrite as Nitrogen (rag/1) at Station 9, Back Bay from April, 1986 to March, 1987.



r>
O

O
w

I
CM
O

to

O
O

JAN MAR APR MAY

STARTING DATE 86/4 728
SAMPLE DATE

Figure 30. Monthly level of Nitrite as Nitrogen (mg/1) at Station 14, Back Bay from April, 1986 to March, 1987.
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Figure 31. Monthly level of Nitrite as Nitrogen (mg/1) at Station 20, Back Bay fro April, 1986 to March, 1987,
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Figure 32. Monthly level of Nitrite as Nitrogen (mg/1) at Station 22, Back Bay from April, 1986 to March, 1987.
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Figure 33. Monthly level of Nitrate as Nitrogen (mg/1) at Station 3, Back Bay from April, 1986 to March, 1987.
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Figure 34. Monthly level of Nitrate as Nitrogen (mg/1) at Station 5, Back Bay from April, 1986 to March 1987.
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Figure 35. Monthly level of Nitrate as Nitrogen (mg/1) at Station 9, Back Bay from April, 1986 to March, 1987
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Figure 36. Monthly level of Nitrate as Nitrogen (mg/1) at Station 14, Back Bay from April, 1986 to March, 1987.
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Figure 37. Monthly level of Nitrate as Nitrogen (mg/1) at Station 20, Back Bay from April, 1986 to March, 1987.
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Figure 38. Monthly level of Nitrite as Nitrogen (rag/1) at Station 22, Back Bay from April, 1986'to March, 1987.
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Figure 39. Monthly level of TKN (mg/1) at Station 3, Back Bay from April, 1986 to march, 1987.
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Figure 40. Monthly level of TKN (mg/1) at Station 5, Back Bay from April, 1986 to March, 1987.
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Figure 41. Monthly level of TKN (mg/1) at Station 9, Back Bay from April, 1986 to March, 1987.
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Figure 42. Monthly level of TKN (mg/1) at Station 14, Back Bay from April, 1986 to March, 1987.
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Figure 43. Monthly level of TKN (mg/1) at Station 20, Back Bay from April, 1986 to March, 1987.
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Figure 44. Monthly level of TKN (mg/1) at Station 22, Back Bay from April, 1986 to March, 1987.
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Figure 45. Monthly level of Ammonia as Nitrogen (mg/1) at Station 3, Back Bay from April, 1986 to March 1987.
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Figure 46. Monthly level of Ammonia as Nitrogen (mg/1) at Station 5, Back Bay from April, 1986 to March, 1987.
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Figure 47. Monthly level of Ammonia as Nitrogen (mg/1) at Station 9, Back Bay from April, 1986 to March, 1987.
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Figure 48. Monthly level of Ammonia as Nitrogen (rag/1) at Station 14, Back Bay^ from April, 1986 to March, 1987.
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Figure 49. Monthly level of Ammonia as Nitrogen (mg/1) at Station 20, Back Bay from April, 1986 to March, 1987.
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Figure 50. Monthly level of Ammonia as Nitrogen (mg/1) at Station 22, Back Bay from April, 1986 to March 1987.



N.
C3

I
CO
O
X
CL

in
u>
<o
o
o

o
o

n
o

oo

MAY JUN I JUL I AUG | SEP I OCT I NOV I DEC JAN JFEB MAR I APR

STARTING DATE 86/4 728
SAMPLE DATE

Figure 51. Monthly level of Total Phosphorus as P (mg/1) at Station 3, Back Bay from April, 86 to March, 1987.
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Figure 52. Monthly level of Total Phosphorus as P (mg/1) at Station 5, Back Bay from April, 1986 to March, 1987.
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Figure 53. Monthly level of Total Phosphorus as P (mg/1) at Station 9, Back Bay from April, 1986 to March, 1987.
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Figure 54. Monthly level of Total Phosphorus as P (mg/1) at Station 14, Back Bay from April, 1986 to March, 1987.
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Figure 55. Monthly level of Total Phosphorus as P (mg/1) at Station 20, Back Bay from April, 1986 to March, 1987.
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Figure 56. Monthly level of Total Phosphorus as P (mg/1) at Station 22, Back Bay from April, 1986 to March 1987.



I 917

O

O
I

Vt

ai
V)
o

N.
(O
o
o §

JUL. i_ AUG

STARTING DATE 86/4 728
SAMPLE DATE

Figure 57. Monthly level of Ortho Phosphorus as P (mg/1) at Station 3, Back Bay from April, 1986 to March, 1987.
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Figure 58. Monthly level of Ortho Phosphorus as P (mg/1) at Station 5, Back Bay froitApril, 1986 to March, 1987.
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Figure 59. Monthly level of Ortho Phosphorus as P (mg/1) at Station 9, Back Bay from April, 1986 to March, 1987.
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Figure 60. Monthly level of Ortho Phosphorus as P (mg/1) at Station 14, Back Bay from April, 1986 to March, 1987.
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Figure 61. Monthly level of Ortho Phosphorus as P (mg/1) at Station 20, Back Bay from April, 1986 to March 1987.
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